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Abstract There are many parameters utilized to obtain a more reasonable performance for structures
under earthquake excitations in seismic provisions. General considered parameters in seismic provisions
are: PGA, importance factor (I) and typical inherent overstrength and global ductility capacity (R). It is well
recognized that themain characteristic of the design of structures under seismic excitation is probabilistic
rather than deterministic; therefore, it should be determined if whether the probability of structural
damage decreases when such parameters change in the design of structures. In this paper, fragility curves
are developed in order to evaluate these parameters. Fragility curves are employed for various probability
parameters. These diagrams are utilized to demonstrate when a coefficient or a number of parameters
are used to improve the performance level of a structure. Moreover, it guarantees that the probability
of exceedance of the damage limit state decreases, as expected. These diagrams can further illustrate the
effect of uncertainty of design parameters. After introducing fragility curves and the application procedure,
the effect of the uncertainty of the PGA is displayed and discussed. The results reveal that by increasing
the global ductility capacity (R), the probability of damage exceedance is decreased; however, an increase
in importance factor (I) for hospital buildings versus office buildings, cannot guarantee a decrease in the
probability of damage exceedance. The PGA randomness results reveal that considering PGA uncertainty
does not mean that the probability of damage exceedance will be increased in general cases.
© 2013 Sharif University of Technology. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.1. Introduction
Seismic provisions have several parameters which can be
utilized to improve the performance of the structures under
seismic excitations. Many studies have shown that the dam-
age index of a structure can be decreased by changing these
parameters. However, the behavior of structures subjected to
earthquake excitations is probabilistic rather than determinis-
tic. Moreover, the origin of earthquakes, the inherency of earth-
quakes caused by fault movement, is stochastic as well. This
uncertainty is in thewhole property of earthquake records, such
as PGA and frequency content. In the next step, thewhole prop-
erty of structures, such as element details, material properties
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uation of structures cannot be concluded if all these uncertain-
ties are neglected.
In addition, there is no sufficient guarantee that consider-
ing such parameters, which are definitely introduced in seismic
provisions, improves the performance of structures and oper-
ates very precisely. A decrease in damage index does not mean
that the probability of damage exceedance and loss estimation
can be declined. In this study, to survey thewhole effect of these
parameters, a new procedure will be introduced. In this proce-
dure, the fragility curve is investigated in order to assess the ef-
ficiency of these coefficients on the probability of damage limit
state exceedances.
Many studies have employed fragility curves to evaluate
structures under seismic excitation with random parameters.
Generally, these studies have been carried out in three cate-
gories. The first category is utilizing observation data on struc-
tureswhich experience earthquakemotion. In this category, the
data base of the damage index of structures is produced af-
ter an earthquake occurrence. For each damaged structure, the
level of seismic excitation is nominated. The fragility curve for
evier B.V. Open access under CC BY-NC-ND license.
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CAV Cumulative absolute velocity
PF ij Damage exceedance from ith damage level
Φ Standard normal cumulative distribution func-
tion
λCL Ln (damage index of limit state (in that paper
rotation of elements))
λD/Sa Ln (calculated damage index (in that paper
rotation of elements))
βD/Sa Uncertainty associatedwith the fitted power law
equation used to estimate demanddamage index√
(ln(1+ σ 2))
βCL Uncertainty associated with the damage index
taken as 0.3 for that study
βM Uncertainty associated with the analytical mod-
eling the structure taken as 0.3 for that study.
α Stiffness degradation parameter
Mcur Current moment
Rk Stiffness degradation factor
K0 Initial elastic stiffness
ϕcur Current curvature
My Yield moment
Ms Reduced moment capacity
Mu Ultimate moment
η Softening parameter
λ Ductility factor
β Energy based strength degradation
ϕ∗a The curvature of the new targeted point
ϕa Maximum attained deformation level
E Incremental dissipated energy
γ Pinching parameter
structures is produced by statistical handouts. This category is
frequently applied to evaluate bridge structures after an earth-
quake occurs. Shinozuka et al. [1] studied the effects after the
Northridge earthquake for lifeline bridges in Los Angeles, and
presented fragility curves with four limit states (low, mediate,
high and collapse). Basöz et al. [2] has similar studies on the
probability of bridge damage exceedance.
The second category is experimentally based data, which
generate a fragility curve. This category is usually used when
nonstructural elements are evaluated. In this category, struc-
tural or non-structural specimens are tested under simulated
earthquake excitation in experimental situations, such as a
shaking table. Afterwards, each level of the excitation damage
index is extracted. A sample of this category is Chong et al., who
studied unrestrained equipment in critical facilities [3]. They
have shown that by testing this equipment on shaking tables
under variable accelerations, the vulnerability curves of these
structures under seismic excitation, and performance and loss
estimation, can be calculated.
The last category is analytical based procedures. In this pro-
cedure, based on experimental or design parameters, fragility
curves are displayed by analyzing selected systems. These sys-
tems can be equipment, bridges, building structures or life-
line structures. Analysis should either be static or dynamic
nonlinear. In the past, Hwang and Huo [4] displayed an ana-
lytical method for showing fragility curves, based on numeri-
cal simulations of the dynamic behavior of specific structures.
The uncertainties are quantified by employing random pa-
rameters in the system. Karim and Yamazaki [5] have devel-
oped an analytical approach to construct vulnerability curvesfor highway bridge piers of specific bridges. The simulation
method utilizes the nonlinear dynamic response of an equiva-
lent single-degree-of-freedom system of the pier obtained by
static pushover analysis. One of the specific studies is pre-
sented by Barron et al. [6]. They used fragility curves to eval-
uate various structural retrofitting techniques. By comparing
the damage exceedance of each technique, the appropriate one
is selected. Furthermore, by this method, one can see the in-
fluence of retrofitting on decreasing the probability of dam-
age exceedance. The same investigation has been performed by
Mary Beth et al. [7] for a five story building. Considering tra-
ditional type buildings and the high seismic activity of some
regions in which they are mostly built, fragility curves for dif-
ferent types of masonry building are developed by Bakhshi and
Karimi [8]. By analytical calculations, using the IDARC [9] pro-
gram, they concluded that providing horizontal and vertical
ties, and retrofitting these buildings, apparently influences their
behavior in earthquakes and reduces structural damage.
The pivotal point of all categories and studies is to use
fragility curves for the evaluation of existing structures under
earthquake excitation. In this research, a new approach is de-
veloped. In this method, fragility curves are applied to evaluate
the effect of variations of main seismic design parameters on
the performance of designed structures under earthquake ex-
citation. To achieve this objective, effects of general parameter
changes are considered, which can be random or fixed. The PGA
is the main randomness parameter. Moreover, the global duc-
tility coefficient and the importance factor are fixed parameters
that are highly important in seismic structure design.
In the current procedure, with respect to the actual behav-
ior of elements in an earthquake and by applying the ACI318-
05 [10] provisions, a group of structures has been primarily
designed. For nonlinear dynamic analysis of structures, suffi-
cient groups of records are selected. In the next step, by select-
ing probabilistic parameters, the fragility curves of structures,
while varying these parameters, are generated. Finally, the re-
sults analyses are concluded and discussed.
2. Fundamental of fragility curve formulation
Fragility curves are well known diagrams that show the
probability of damage exceedance of structures under earth-
quake excitation. To achieve this goal, the damage distribution
of a structure should be assumed by calculating mean and vari-
ance. Furthermore, for each level of damage criteria, the prob-
ability of damage exceedance should be produced. The main
concept of relationships is similar; however, there is a dif-
ference between fragility formulations in distribution and as-
sumed variance.
Hwang HHM, Huo JR, 1994 [4], used cumulative absolute
velocity, CAV, and described the probability (PFij) of damage
exceedance from the ith damage level for an earthquake with
equal CAV vj, as follows:
CAV =
 T
0
|a(t)dt|, (1)
PF ij = prob

DT = DTi|CAV = vj
 = FDT(DTi|CAV = vj), (2)
where DT is the damage index and F is the function of the
probability distribution. By considering the normal distribution
PFij derivate as:
PF ij = 1− Φ{[Ln(DI i)− Ln(DI)]/σLn(DI)|CAV = vj}, (3)
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the damage probability matrix is obtained by the following
procedure:
PDSij =

PF ij − PF i+1 j (i ≤ 4)
PF ij (i = 5). (4)
It is important to know that PGA can be utilized instead of CAV
as the seismic parameter.
Wen YK, Ellingwood BR and Bracci JM used a more detailed
function [11]:
P(LS/Sa) = 1− Φ[(λCL − λD/Sa)/

β2D/Sa + β2CL + β2M ]. (5)
P(LS/Sa)=probability of exceeding a specified limit state, given
the spectral acceleration.
In this research, since each parameter has been considered
independently, the Hwang HHM, Huo JR relationship is utilized
and lognormal distribution is assumed.
3. Structural models
To prepare structural models, two group of structure were
designed, with respect to ACI318-05 [10] seismic provisions.
These buildings have 3, 7, 10 and 15 stories, which are of two
types: 4 bays and 6 bays. The first group is ordinary office
buildings and the second group is highly important hospital
buildings. Weight loads are extracted from the usual details
for office and hospital buildings. Earthquake design loads and
control parameters are taken from the Iranian earthquake code
provision (2800 standard [12]). Hazard level is assumed as the
highest earthquake hazard in the Iranian seismic code (2800)
[12], (PGA = 0.35 g). The soil type assumed is soil type II, in
accordance with the Iranian earthquake code divisions, which
is equivalent to type C of the IBC code division (IBC2000).
To evaluate structures under virtual type and for nonlinear
dynamic analysis, 20 scaled and filtered artificial records have
been generated.
To scale these records, Sa is used. Figure 1 illustrates the
scaling diagram.
To design the structures, a general finite element program is
employed and for nonlinear dynamic analysis of structures un-
der earthquake excitation, open source software, IDARCV7.0 [9],
is utilized.
Design parameters for both office and hospital buildings are
listed in Table 1, and the main characteristics of buildings are
shown in Table 2.
To consider the effect of special and intermediate ductility
of structures in models, a hysteresis behavior model and
degradation parameters have been applied.Figure 2: Main properties of degradation parameters in IDARC [9].
Source: Adopted from Ghobarah et al. [13].
There are six type of hysteresis behavior model in the IDARC
program [9]. These types include: the three-parameter Park
model, the tri-linear steel model, the bilinear model, the Kelvin
model, the Maxwell model and the Smooth Hysteretic model.
These behaviors are utilized in different types of structures. For
instance, for structures which include viscous-elastic dampers,
the Maxwell or Kelvin model is suitable, or the smooth hys-
teretic model is effective for infill materials. RC frames can have
several degradations in hysteresis diagrams. In general cases,
these degradations include stiffness, strength and pinching. In
this research, the three-parameter Parkmodel (1987) for beams
and columns is used. This model includes all the main parame-
ters to control the behavior of an element in each branch of the
hysteresis diagram. These parameters are stiffness and strength
degradation, modeling of slip or pinching behavior and an over-
all monotonic three-line skeleton. These main parameters are
illustrated in Figure 2.
To consider these parameters in the modeling of hystere-
sis behavior, the parameters are calculated with respect to the
available hysteresis diagram, which is drawn from tested ele-
ments. These elements are selected according to the details of
elements in each type of ductility. For this purpose, the formula-
tion of the IDARC technical report and theWan et al. [14] paper
are employed.
According to the IDARC, stiffness degradation is formulated
as in the following relation and Figure 3:
R+K = (Mcur + αMy)/(K0ϕcur+αMy). (6)
α can be found as follows:
α = (Mcur − Rk K0 ϕcur)/(My (Rk − 1)). (7)
Strength degradation is introducedwith the following equation
and shape in Figure 4:
M±y = M±y

1− ϕ±max/ϕ±u  1β1 
× [1− (Hβ2)/(Hult(1− β2))] . (8)
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Structure type Ductility
coefficient
Storey Dead load
(da N/m)
Live load
(da N/m)
Base Shear
coefficient
f ′c (MPa) fy (MPa) Storey
height
(m)
Office
7 3 4200 1500 0.123 25 400 3.5
10 3 4200 1500 0.086 25 400 3.5
7 7 4200 1500 0.081 25 400 3.5
10 7 4200 1500 0.057 25 400 3.5
7 10 4200 1500 0.067 25 400 3.5
10 10 4200 1500 0.047 25 400 3.5
7 15 4200 1500 0.055 25 400 3.5
10 15 4200 1500 0.039 25 400 3.5
Hospital
10 3 4200 2100 0.0107 25 400 4.5
10 7 4200 2100 0.070 25 400 4.5
10 10 4200 2100 0.058 25 400 4.5
10 15 4200 2100 0.048 25 400 4.5Table 2: Main characteristics of the buildings.
Building type Ductility
coefficient
Storey (ID) First mod
period (s)
Base section of cols.
(mm×mm)
First storey beams
section
Demand drift Allowable
drift
Office
7 3 0.75 500× 500 500× 500 0.003 0.0051
10 3 1.04 500× 500 400× 400 0.0031 0.0036
7 7 1.39 600× 500 600× 500 0.0030 0.0041
10 7 1.57 600× 500 600× 500 0.0028 0.0029
7 10 1.85 700× 700 700× 500 0.0039 0.0041
10 10 1.83 700× 700 700× 500 0.0024 0.0029
7 15 2.70 800× 800 700× 500 0.0039 0.0041
10 15 2.69 800× 800 700× 500 0.0028 0.0029
Hospital
10 3 0.91 600× 600 500× 500 0.0028 0.0029
10 7 1.52 700× 700 700× 600 0.0026 0.0029
10 10 1.83 800× 800 800× 600 0.0027 0.0029
10 15 2.36 900× 900 900× 700 0.0026 0.0029Figure 3: Diagram of stiffness degradation [9].
However, it is very difficult to obtain this coefficient by this
equation. Wan et al. [14] introduced the simple relation for
strength degradation based on ductility, as follows:
Ms = Mu(1− ηλ). (9)
Another coefficient energy-based strength degradation has
been further introduced with these simple equations in theFigure 4: Diagram of strength degradation [9].
work of Wan et al. [14]:
φ∗a = φa + β1E/My, (10)
where β coefficient is:
β = My(ϕ∗a − ϕa)/△E. (11)
The last parameter that is pinching has the following shape,
displayed as Figure 5.
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For simple estimation of pinching parameter (γ ) the follow-
ing procedure (Figure 6) is performed by software:
Stot = My

ϕmax + ϕy

/2→ S = Stot − Sen → γ
= 1− 2S/(My

ϕmax + ϕy

/2). (12)
3.1. Model verification
To verify these calculations, these parameters are calcu-
lated for two hysteresis diagrams. Corresponding columns are
modeled in the IDARC program, whose details were explained.
The hysteresis diagram from cyclic analysis of these models
is compared with the experimental tested diagram. Figures 7
and 8 show experimental data fitting for the procedure used
as in prior relations. According to intermediate and special de-
tails and provisions, two hysteresis diagrams are selected from
theWashingtonUniversitywebsite [17]. Analytically calculated
cyclic diagrams and a comparison between analytical and ex-
perimental tested diagrams are represented in the left and
right-hand side diagrams, respectively.
In Figure 9, the main shape and estimated diagram are
displayed.
4. Results
4.1. Randomness parameter
To evaluate structures, random parameters should be
selected. These random parameters are extracted from natural
specification of structures and earthquake excitations. In thispaper, the random parameters are: record of earthquake, global
ductility factor, importance factor and the PGA uncertainty
probability.
The first usual randomparameter is the record of earthquake
excitation. For this purpose, 23 earthquake records are chosen
considering the type of soil division adapted for design
properties.
To scale these records, a power spectra response is applied,
as shown in Figure 10.
By applying this random parameter, the effect of general
design parameters (i.e. importance factor and global ductility
factor) can be evaluated on the fragility curve of structures.
To improve the behavior of structures under earthquake
excitation, the seismic code methods were proposed. General
methods for improvements are based on the increase impor-
tance factor and the global ductility coefficient.
4.2. Effect of global ductility coefficient
By changing the global ductility coefficient from intermedi-
ate to special details, the probabilistic damage occurrence is ex-
pected to decrease.
To examine the effect of this parameter for office buildings,
the fragility curve for both special and intermediate structures
can be achieved. The effect of these parameters on the fragility
curve of structures is illustrated in Figure 11. Results displayed
in curves show that special details can decrease the expected
loss in these structures. The probability of damage exceedance
of special RC frames is always lower than intermediate RC
frames.
4.3. Effect of importance factor
The importance factor increase enhances the base shear de-
sign directly, and seismic provisions expect that the probability
of damage of the structure under earthquake can be decreased.
To survey the compatibility of this parameter with the design
code targets, two types of special RC frames are considered: of-
fice and hospital buildings. Each type of building is designed
with all the properties of that building. Comparing the fragilityFigure 6: Diagram of estimation of pinching parameter.Figure 7: Verification of Arakawa et al. (1988) model No. 27 (α = 41, λ = 1.0, β = 0.9, γ = 0.0) [15].
236 A. Bakhshi, P. Asadi / Scientia Iranica, Transactions A: Civil Engineering 20 (2013) 231–241Figure 8: Verification of Kowalsky 1996 model No. FL3 (α = 1.17, λ = 1.0, β = 0.9, γ = 1.0) [16].Figure 9: Main diagram and estimated hysteresis diagram of (a) Intermediate [18] and (b) Special hysteresis diagram [19].Figure 10: Diagram of scaling procedure with power spectra.
curves of the special frame of office and hospital buildings dis-
plays the effect of this parameter. The effect of the direct impor-
tance factor on the fragility curve of buildings is demonstrated
in Figure 12.
Because of the higher probability damage of hospitals in 4
and 7 story buildings, compared to 4 and 7 story office build-
ings, the importance factor for 4 and 7 stories is not enough. It is
due to the large weight and higher height of hospital buildings.
These results are in mid rise structures, because of the proper-
ties of earthquake records and the innate frequency content of
records. So, the design base shear for these buildings takes 15%
growth (PGA= 0.4 g). Figure 13 shows that this overestimated
base shear operates very well in order to decrease the probabil-
ity of damage.
4.4. Effect of PGA error probability
One essential and natural probabilistic parameter, which
is very important in the seismic design of structures, is the
amount of PGA. There is an uncertainty parameter in the atten-
uation relations of the PGA formulations, which is frequently
called the error parameter (ε). In attenuation formulations, a
standard deviation for this error parameter is presented. Onefamous attenuation relation that introduced this random pa-
rameter is the K.W. Campbell and Y. Bozorgnia relation
(2003) [20] for near-source ground motion:
ln Y = c1 + f1(MW )+ c4 ln

f2 (MW , rseis, S)
+ f3(F)+ f4(S)+ f5 (HW , F ,Mw, rseis)+ ε. (13)
ε is a random error term with zero mean and standard devi-
ation equal to σln Y , which is defined in that relation based on
magnitude or PGA. σln Y definitely averages 0.5 for these near-
fault ground motions. In studies utilizing attenuations for soil
category type II and for fault ground motions, Ambraseys and
Douglas [21] presented the following relation for all types of site
category:
log y = b1 + b2Ms + b3d+ bASA + b2SS . (14)
In this relation, σ is 0.214 for horizontal PGA. In Manic [22], re-
lation σ is specified 0.254 for log(A)when A is in g:
log(A) = c1 + c2M + c3 log(D)+ cAD+ c5S (15)
D = (R2 + d20)1/2.
In another relation of Ambraseys and Simpson [23], σ is equal
to 0.25 for log(y)when y is in g:
log(y) = C ′1 + C2M + C4 log(r)+ CASA + C5SS (16)
r =

d2 + h20.
To evaluate the effect of uncertainty of this probabilistic pa-
rameter, it needs to obtain lognormal distribution of the PGA
around each amount with acceptable standard deviation. Ran-
dom parameters with lognormal distribution are providedwith
the Mont Carlo procedure [24]. Earthquake records which are
utilized for this virtual case are all artificial scaled records, ac-
cording to design parameters.
A. Bakhshi, P. Asadi / Scientia Iranica, Transactions A: Civil Engineering 20 (2013) 231–241 237Figure 11: Fragility curves for drift damage under global ductility changes (IO, LS, CP for intermediate and IO S, LS S, CP S for special ductility).The variation of PGA (i.e. PGA= 0.52 g) in 20% error is shown
in Figure 14.
The nonlinear dynamics of hospital buildings are analyzed
and the fragility curve of each range is produced. Records of
earthquakes that are employed to evaluate these random pa-rameters are 20 artificial records adapted with an acceleration
response in the earthquake code. The effect of probabilistic PGA
in each hazard level is displayed in Figure 15.
Results revealed that at a high error range, the behavior
of structures under seismic excitation is chaotic. Frequently,
238 A. Bakhshi, P. Asadi / Scientia Iranica, Transactions A: Civil Engineering 20 (2013) 231–241Figure 12: Effect of direct importance factor on fragility curve of buildings (IO H, LS H, CP H for hospitals and IO S, LS S, CP S for special offices).in 15% error and at low earthquake hazard, the probability
of damage increases and, in high earthquake hazard, the
probability of damage is lower than the baseline. Attenuationrelationships for the PGA for current types of soil and far fault
ground motions stated that σln Y is, on average, 0.25. Assuming
lognormal distribution for the PGA, results approximate 8.5%
A. Bakhshi, P. Asadi / Scientia Iranica, Transactions A: Civil Engineering 20 (2013) 231–241 239Figure 13: Effect of overestimated design base shear on fragility curve of 7 and 10 story buildings (IO H, LS H, CP H for hospitals and IO S, LS S, CP S for special offices).Figure 14: Log-normal distribution of PGA for 20% error.
error, which is between two lines in the above diagrams. At this
limitation, this invert trend is observed but not at an extreme
range.
5. Conclusion
Seismic provisions have several parameters to control
or improve the performance of structures under seismic
excitations; however, earthquake properties and the behavior
of the structures under earthquake excitation are probabilistic.
The origin of an earthquake is caused by the fault movement is
random. In addition, there are many uncertainties in the whole
property of earthquake records, such as frequency content.
Other uncertainties are in the whole property of structures,
such as element details, general structural hysteresis diagrams
or global ductility coefficients.The main objective is in considering that parameters, which
are definitely introduced in seismic provisions to improve the
performance of structures, are not sufficiently guaranteed to
work precisely. A decrease in damage index does not mean that
the probability of damage exceedance and loss estimation is
reduced. To survey the whole effect of these parameters, a new
procedure is introduced in this study. In this procedure, the
fragility curve is investigated to assess the efficiency of these
coefficients on the damage probability of damage limit states
exceedance.
With respect to the Iranian earthquake code (2800 stan-
dard), in very high seismic hazard and soil type II, several vari-
ous structures are designed. Those structures were with 4 and
6 bays, with 3, 7, 10 and 15 stories.
According to ductility details and hysteresis diagrams,
perfect parameters adaptedwith the IDARC program have been
selected. These parameters are stiffness degradation, strength
deterioration based on ductility, strength deterioration based
on energy and the pinching factor.
Afterwards, by selecting different random parameters, the
effect of these parameters on fragility curves was displayed.
The first parameter surveyed in Section 4.2 was global ductility
coefficient. Two types of nonlinear dynamic structure were
analyzed. The first type was intermediate and the second type
was a special global ductility coefficient. Records of earthquakes
selected for this parameter were adapted with the design soil
type in the earthquake code. Comparison between fragility
curves that were generated revealed that special ductility
240 A. Bakhshi, P. Asadi / Scientia Iranica, Transactions A: Civil Engineering 20 (2013) 231–241Figure 15: Effect of probabilistic PGA on fragility curve of buildings.can decrease the probability of damage exceedance levels in
intermediate ductility.
Another random parameter examined in Section 4.3 was
the importance factor. Hospital buildings with 1.4 importance
factor and special ductility details were compared with office
buildings with 1.0 importance factor and special ductility
details. Records of earthquakes selectedwith this parameter are
adapted with design soil types in the earthquake code. Fragility
curve results show that the probability of damage exceedance
in 7 and 10 storey hospital buildings had higher probability
of damage compared to office buildings. So, coefficient 1.4 for
the importance factor of hospital buildings is not adequate. By
increasing 15% in the design base shear of hospital buildings, the
probability of damage exceedance was decreased. The above
increase was examined with the redesign of 7 and 10 story
structures and it was displayed with fragility curves.
Another random parameter examined in Section 4.4 is the
PGA design factor. By Mont-Carlo simulation, several ranges of
the PGA parameter at each hazard level are produced. Hospi-
tal buildings were nonlinearly dynamically analyzed and the
fragility curve of each range was produced. Records of earth-
quakes that are utilized to evaluate these random parameters
are 20 artificial records adapted with an acceleration response
in the earthquake code. It results show that the uncertainty in
the PGA increased the damage exceedance in general. However,
at high hazard levels with high percent error, this probability of
damage acquires an invert trend. This is due to the high rate of
variance quantity at high hazard levels. Attenuation relation-
ships for the PGA for current types of soil and far fault ground
motions indicate that the average value of σln Y is 0.25. Assum-
ing lognormal distribution for the PGA indicated approximately
8.5% error, which is between two lines of calculations. In this
limitation, this invert trend is observed but not at an extreme
range.
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